Heart failure (HF) is, after cirrhosis, the second-most common cause of ascites. Serum B-type natriuretic peptide (BNP) plays an important role in the diagnosis of HF. Therefore, we hypothesized that BNP would be useful in the differential diagnosis of ascites. Consecutive patients with new onset ascites were prospectively enrolled in this crosssectional study. All patients had measurements of serum-ascites albumin gradient (SAAG), total protein concentration in ascitic fluid, serum, and ascites BNP. We enrolled 218 consecutive patients with ascites resulting from HF (n 5 44), cirrhosis (n 5 162), peritoneal disease (n 5 10), and constrictive pericarditis (n 5 2). Compared to SAAG and/or total protein concentration in ascites, the test that best discriminated HF-related ascites from other causes of ascites was serum BNP. A cutoff of >364 pg/mL (sensitivity 98%, specificity 99%, and diagnostic accuracy 99%) had the highest positive likelihood ratio (168.1); that is, it was the best to rule in HF-related ascites. Conversely, a cutoff £ 182 pg/mL had the lowest negative likelihood ratio (0.0) and was the best to rule out HF-related ascites. These findings were confirmed in a 60-patient validation cohort. Conclusions: Serum BNP is more accurate than ascites analyses in the diagnosis of HFrelated ascites. The workup of patients with new onset ascites could be streamlined by obtaining serum BNP as an initial test and could forego the need for diagnostic paracentesis, particularly in cases where the cause of ascites is uncertain and/or could be the result of HF. (HEPATOLOGY 2014;59:1043-1051 See Editorial on Page 751 A scites secondary to heart failure (HF) is, after cirrhosis, the second-most common cause of ascites.
scites secondary to heart failure (HF) is, after cirrhosis, the second-most common cause of ascites. 1 The pathophysiology of ascites in both HF and cirrhosis is hepatic sinusoidal hypertension, and therefore the serum-ascites albumin gradient (SAAG) is greater than 1.1 g/dL in both conditions. 2 Because the hepatic sinusoids are normal (leaky, i.e., without significant collagen deposition in the space of Disse) in HF and are abnormal in cirrhosis (less leaky as a result of capillarization of sinusoids), 3 ascites total protein content is higher in HF-related ascites than in cirrhotic ascites and has been used to help in the differential diagnosis between these two entities, with a ascites protein level of >2.5 mg/dL suggesting the presence of ascites related to HF. However, a significant number of cases are still misclassified. 2, 4 Even the standard of care represented by medical history, physical examination, and echocardiography may overlook the diagnosis of HF, because clinical manifestations may be quite similar to other conditions. 5, 6 B-type natriuretic peptide (BNP) is a biologically active 32-amino-acid peptide resulting from the cleavage of the pro-BNP, which is secreted by heart ventricle myocytes in response to volume expansion and pressure overload. 7, 8 BNP testing facilitates the diagnosis of HF in patients with dyspnea beyond clinical, radiographic, and echocardiographic data with a sensitivity of 90%, specificity of 76%, and a negative predictive value (NPV) of 96%. [9] [10] [11] [12] Patients with cirrhosis may have a combination of findings, such as increased cardiac output, attenuated systolic contraction and diastolic relaxation, electrophysiological repolarization abnormalities, and reduced response to beta-1 adrenergic stimulation. 13 Thus, BNP levels may also increase in serum of patients with cirrhosis, correlating with severity of liver disease. 14, 15 Nevertheless, because BNP is increased in several body fluids of patients with heart dysfunction [16] [17] [18] and is considered the initial test in the workup of patients with suspected HF, 19 we hypothesized that testing for this marker would be a useful diagnostic tool in the diagnosis of HF-related ascites.
The aim of the study was to compare the diagnostic accuracy of serum BNP and ascites BNP to standard used tests, mainly SAAG 6 ascites total protein, in the differential diagnosis among the three main causes of ascites (HF, cirrhosis, and peritoneal disease) in patients with new onset ascites.
Patients and Methods
Study Design and Population. From June 2010 to November 2011, all patients with new onset ascites that were admitted to the University of São Paulo School of Medicine (São Paulo, SP, Brazil) were assessed for eligibility. Inclusion criteria were clinically detectable ascites, age over 18 years, and consent to participate. The only exclusion criterion was a creatinine level >2.5 mg/dL (possible unreliability of BNP testing per manufacturer). All patients underwent a stringent protocol that included clinical history, physical examination, rest echocardiography, and collection of blood and ascitic fluid samples for analysis. The study was conducted according to the principles of the Declaration of Helsinki; the protocol was approved by the institutional ethics board review and registered at www.clinicaltrials.gov (NCT01150916). A written informed consent was obtained from patients previous to enrollment.
Adjudicated Final Diagnosis and Diagnostic Criteria. Two independent staff cardiologists and two staff hepatologists interviewed and examined all patients before diagnostic tests (echocardiography, ultrasound [US] , and endoscopy) were performed. They were blinded to the results of ascitic fluid biochemistry and BNP, which was not measured for clinical purposes. To adjudicate the correct final diagnosis of each patient, all necessary clinical records, laboratory tests, and imaging findings, including echocardiography (performed in all patients), were reviewed until an agreement was reached. The consensus among the experts was considered the gold standard for diagnosis. The whole cohort had a mean follow-up of 13.1 6 10.9 (median, 9.3) months, and patient follow-up helped confirm the final diagnosis in all but 8 patients (see below).
The diagnosis of cirrhosis was established with a liver biopsy or was based on a compatible clinical history, specifically a history of chronic liver disease (CLD), physical exam, and/or laboratory abnormalities and, importantly, the presence of signs of cirrhosis and/or portal hypertension (PH) on imaging studies (nodular liver, splenomegaly, and/or collaterals). HF was diagnosed according to current diagnostic guidelines. 19, 20 Patients had to fulfill both Framingham and Boston criteria 21, 22 and have a compatible rest echocardiography (systolic right-or leftventricle dysfunction with ejection fraction below 50%).
SAAG, Protein Concentration in Ascites, and BNP. All samples were sent to the laboratory immediately after venipuncture and paracentesis. SAAG and protein in ascites were assessed using standard methods. BNP measurements were carried out according to manufacturer's instructions (ADVIA Centaur BNP Siemens Inc, San Diego, CA). This test is a fully automated two-site sandwich immunoassay, based on chemiluminescent technology, and standardized with synthetic purified protein preparation of human BNP (amino acids 77-108), within the range of <2.0-5,000 pg/mL. Inter-and intraassay coefficients of variation at different concentrations were, respectively, 2.5% and 2.1% at 48.5 pg/mL, 1.5% and 2.0% at 458 pg/mL, and 0.5% and 2.0% at 1,452 pg/mL.
According to the manufacturer, the BNP assay is reliable in the presence of increased values of several biochemical parameters that can be elevated in patients with decompensated cirrhosis. No interference in measurements has been reported with urea values up to 200 mg/dL, creatinine up to 2.5 mg/dL, unconjugated bilirubin up to 25 mg/dL, conjugated bilirubin up to 25 mg/dL, triglycerides up to 800 mg/dL, and cholesterol up to 1,000 mg/dL. For whole-blood testing, a 4-mL sample was collected in an ethylenediaminetetraacetic acid-containing tube. For ascitic fluid testing, a 10-mL sample was collected at the same time and before infusion of albumin or volume overload. Laboratory staff was unaware of both the clinical diagnosis and routine laboratory results. Kits were purchased from the manufacturers, who had no role in the study design, analysis of data, or writing of the manuscript for this article.
Standard Echocardiography. This was performed at rest in all patients, according to the recommendations of the American Society of Echocardiography (ASE). 23 The following parameters were assessed: leftatrial diameter; systolic left-ventricle diameter; diastolic left-ventricle diameter; left ventricular posterior wall; right ventricular diameter; and interventricular septum. Ventricular ejection fraction was estimated from the Simpson's biplane method. 23 We used tricuspid regurgitation velocity to estimate pulmonary artery systolic pressures and assessed tricuspid regurgitation velocity in the parasternal long-and short-axis and apical fourchamber views. Diastolic function was assessed according to the ASE guideline. 24 All parameters were recorded in three cycles, and the mean of the measurements was taken for analysis. The examiner was blinded for the clinical diagnosis of the patient.
Validation Cohort. A second set of patients with new onset ascites was recruited for the validation cohort. These patients were prospectively enrolled between January and March 2012 from three secondary and tertiary hospitals in Brazil (Federal University of Espirito Santo [Vit oria, Esp ırito Santo, Brazil], Heart Institute [São Paulo University School of Medicine], and Central Institute of São Paulo University School of Medicine), according to the same protocol as well as inclusion and exclusion criteria used for the training cohort. Similar clinical and laboratory baseline data were available for analysis.
Statistical Analysis. Continuous variables were presented as medians, with the interquartile range (IQR), and categorical variables as numbers and percentages. Sensitivity, specificity, diagnostic accuracy, positive predictive values (PPVs), and negative predictive values (NPVs) were calculated with cutoffs defined by choosing the highest likelihood ratio (LR; to rule in cardiac ascites) and the lowest negative LR (to rule out cardiac ascites). For the validation set, a sample size of at least 50 patients was calculated, assuming a sensitivity of 93% and a 95% confidence interval of width 6 7%. All hypothesis testing was two-tailed, and P values of less than 0.05 were considered statistically significant. Statistical analyses were performed with SPSS statistical software (version 19.0; IBM, Armonk, NY).
Results
Training Cohort. In the study period, 281 consecutive patients with new onset ascites were admitted and considered for participation in the study. Sixty-three patients were excluded, leaving 218 for analysis ( Fig. 1 ).
As noted in Fig. 1 , in 8 patients, the experts could not adjudicate the cause of ascites; these were patients with evidence of both CLD and heart disease, but a hepatic venous pressure gradient (HVPG) measurement was not performed to confirm the source of ascites.
Of the 218 patients included in the study, the cause of ascites was HF in 44, cirrhosis in 162, peritoneal disease in 10, and constrictive pericarditis in 2. Notably, in 9 of the 44 patients with HF, the diagnosis was not entirely certain because of the presence of a low serum albumin suggestive of the presence of cirrhosis; however, 6-month follow-up of these patients continued to reveal no evidence of cirrhosis, and hypoalbuminemia was attributed to cardiac cachexia.
Two patients with ascites secondary to constrictive pericarditis are described separately because they did not fit in any of our three main categories.
Of 44 patients with HF, etiology was ischemic (n 5 11), Chagas disease (n 5 10), valvular (n 5 9), idiopathic (n 5 7), hypertensive (n 5 5), alcoholic (n 5 1), and peripartum (n 5 1). Eleven patients were found to have class IV functional capacity, 21 class III, and 12 class II, according to the New York Heart Association. 25 No patient with HF had esophageal varices or indirect signs of PH on US.
All 162 patients with cirrhosis had clinically significant PH (esophageal varices at endoscopy: n 5 119; venous collaterals identified by imaging methods: n 5 43). Etiology was hepatitis C (n 5 56), alcoholic (n 5 48), hepatitis B (n 5 6), nonalcoholic steatohepatitis (n 5 7), autoimmune hepatitis (n 5 5), biliary disease (n 5 2), and others (n 5 38). None of the patients had any evidence of heart disease or HF, and 113 were classified Child-Pugh B and 49 Child-Pugh C.
Peritoneal disease was diagnosed in 10 patients (peritoneal tuberculosis: n 5 3; carcinomatosis, n 5 6; pancreatic ascites: n 5 1). No patient in this group was found to have cirrhosis or HF.
Characteristics of patients and laboratory tests at the time of inclusion in the study are shown in Table 1 . As expected, arterial hypertension, dyslipidemia, and echocardiographic abnormalities were more common in the HF group, whereas albumin was lower and bilirubin was higher in the group with cirrhosis. Groups were comparable regarding age and glomerular filtration rates, factors that could influence results of BNP measurements. Table 2 shows echocardiography findings in the study groups.
Diagnostic Accuracy of SAAG, Ascites Protein Concentration, Serum BNP, and Ascites BNP in the Training Cohort. Figure 2 shows the individual results of SAAG, ascites total protein, serum BNP, and ascites BNP in the study groups.
A SAAG 1.1 was present in all 162 patients with cirrhosis, whereas an ascites protein concentration 2.5 mg/dL was present in 142 of 162 (87.7%) of patients with cirrhosis. Of the 20 patients with an ascites protein concentration >2.5 mg/dL, 18 were ChildPugh B and only 2 belonged to Child-Pugh C classification. In fact, patients with an ascites protein level >2.5 had a significantly better liver synthetic function than those with an ascites protein level <2.5, as evidenced by a higher serum albumin level (3.5 6 0.5 versus 3.0 6 0.6 g/dL; P 5 0.0003), a lower serum bilirubin level (1.4 6 1.5 versus 3.0 6 3.6 mg/dL; P 5 0.001), and a lower international normalized ratio (INR; 1.3 6 0.3 versus 1.4 6 0.4; P 5 0.0023). In the group of patients with HF, a SAAG level <1.1 was present in 9 of 44 (20%) patients, and this subset of patients characteristically had lower serum albumin values, when compared with patients with HF and a SAAG level >1.1 (2.8 6 0.8 versus 3.5 6 0.5; P 5 0.0031). In the group of patients with peritoneal disease, a SAAG level <1.1 was present in 9 of 10 (90%) of patients and ascites protein concentration >2.5 mg/ dL was present in 8 of 10 (80%). The 2 patients with constrictive pericarditis had a SAAG level of 1.2 and 1.1, ascites protein level of 4.3 and 5.8 mg/dL, serum BNP level of 167 and 31 pg/mL, and ascites BNP level of 54 and 38 pg/mL, respectively. Table 3 shows the frequency of patients in different groups, according to the cutoff of SAAG, protein in ascites, serum BNP, and BNP in ascites. The sensitivity, specificity, diagnostic accuracy, NPV and PPV, and the LR 1 and LR 2 are shown in Table 4 . The test that best discriminated HF-related ascites from other causes of ascites was serum BNP levels. Serum BNP at a cutoff of 364 pg/mL had a sensitivity of 98%, specificity of 99%, diagnostic accuracy of 99%, NPV of 99%, and PPV 98%. In fact, only 1 patient with cirrhosis and none of the patients with a peritoneal process as cause for ascites had a BNP level >364 pg/mL, and this patient with cirrhosis had a borderline elevation of serum BNP at 384 pg/mL. A cutoff of >364 pg/mL had the highest LR 1 (168.1), that is, it was the best to rule in HF-related ascites. Conversely, a cutoff <182 pg/mL had the lowest LR 2 (0.0) and was the best to rule out HF-related ascites. Neither ascites BNP levels nor a combination of SAAG level >1.1 and ascites total protein level >2.5 mg/dL were as effective as serum BNP in establishing the diagnosis of ascites resulting from HF. However, ascites BNP level >229 ng/mL had a higher LR 1 (121.18) than the combination of high SAAG and high ascites protein that is currently used to suggest a diagnosis of cardiac ascites (LR 1 , 9.6).
Complications. Minor complications of paracentesis were observed in 8 (3.7%) of the 218 patients (ascitic fluid leakage: n 5 7; abdominal wall hematoma: n 5 1). No hospitalization was required for treatment. No death related to the procedure occurred.
Validation Cohort. Sixty consecutive patients with new onset ascites constituted the validation cohort. Of these, HF was the cause of ascites in 15 and cirrhosis the cause in 45. None of the patients with cirrhosis had a BNP >364, and none of the patients with HF had a BNP <182 (Table 3 ). This yields a sensitivity and specificity of 100% (Table 5) .
These results confirm the findings of the training cohort, in that serum BNP is the best test that discriminates HF as a cause of ascites from other causes of ascites and also confirms that the cutoff of 362 pg/ mL is the best to rule in ascites secondary to HF and that <182 pg/mL rules out HF-related ascites.
Discussion
Ascites secondary to HF is the second-most common cause of ascites in the Western world. Making the differential diagnosis among the three-most common causes of ascites (i.e., HF, cirrhosis, and peritoneal processes) is important because the diagnostic workup and management will be different depending on the probable diagnosis. The diagnosis of HF is initially based on clinical findings (history, physical exam, and routine tests), but is often difficult to establish with certainty. Although current guidelines for HF 20, 21 indicate that the diagnosis should be made with a combination of typical signs and symptoms, this approach is limited by low accuracy rates (25%-50%), 7, 26, 27 when compared to echocardiography results. BNP testing is largely used in the primary practice setting, avoiding unnecessary investigations of HF. A systematic review 28 examined the results of 20 studies of BNP testing for the diagnosis of clinically defined HF and showed a consistently high sensitivity, but a variable specificity, for the diagnosis of HF, concluding that an elevated BNP does not confirm the diagnosis of clinically defined HF, but normal levels rule out the diagnosis. This concept has been adopted by the UK National Institute for Health and Clinical Excellence clinical practice guideline that recommends that patients without previous myocardial infarction should undergo measurement of serum BNP as the first step, with subsequent echocardiography, and specialist evaluation is indicated if these levels are elevated. 29 Ascites findings are very useful to make a differential diagnosis. As mentioned previously, a high ascites protein level in the setting of an elevated SAAG favors a diagnosis of HF. In cirrhosis, although SAAG is also elevated, ascites protein is low, whereas in ascites as a result of local peritoneal processes, the SAAG is low (because there is no sinusoidal hypertension), but the ascites protein is elevated. However, there is a significant number of cases in which results are borderline, and we have to resort to measurements of HVPG to make the final diagnosis. In cirrhotic ascites the HVPG is high, in cardiac ascites the wedged hepatic venous pressure is increased, but the gradient is normal (because of elevated systemic pressures), and in ascites secondary to peritoneal processes both the wedge and the gradient are normal. 30 Given the diagnostic accuracy of BNP in the diagnosis of HF, its widespread use, and the fact that results can be obtained in 18 minutes, [8] [9] [10] [11] [12] [13] the present study sought to determine whether serum and/or ascites BNP is more accurate than the SAAG, the ascites protein, or the SAAG/ascites protein combination in establishing the cause of ascites in patients with new onset ascites.
Our study shows that serum BNP accurately identified HF as the cause of ascites with a higher sensitivity, specificity, and diagnostic accuracy, when compared to the standard methods, SAAG, and/or ascites total protein. These results are strengthened by similar findings in the validation cohort. We could also establish cutoff levels that would reliably rule in the diagnosis of HF-related ascites (serum BNP >364 pg/mL) and rule out this diagnosis (serum BNP 182 pg/mL). Notably, none of the patients in the training cohort fell in the "gray zone" (serum BNP between 183 and 363 pg/mL) and only 4 in the validation cohort did so, but they were all patients with cirrhotic ascites, all with levels below 363 pg/mL (216, 224, 285, and 334, respectively).
Regarding the standard tests, we could confirm that SAAG 1.1 is present in nearly all patients with cirrhosis, but low SAAG values were present in 20% of patients with HF, particularly in the presence of hypoalbuminemia.
We also confirmed that most patients with HF have an ascites protein concentration >2.5 g/dL.
2 However, we also found that 12% of patients with cirrhosis had a high ascites protein, indicating that sinusoids are normal ("leaky"). Because this could indicate that capillarization was not extensive (and therefore cirrhosis was "milder"), we looked at these patients with cirrhosis and ascites protein >2.5 g/dL and found that they in fact had a milder liver disease, as evidenced by higher serum albumin, lower serum bilirubin, and lower INR. When combining SAAG and total ascites protein, we still found that the diagnostic accuracy was not optimal (85%), with 63% sensitivity and 93% specificity.
Ascites BNP, although not as accurate as serum BNP, had a greater diagnostic accuracy than standard tests. In ascites resulting from PH, collagen deposition in the Disse space leads to varying degrees in loss of sinusoidal endothelial cell fenestration and formation of basement membrane. The obliteration of this opening between the sinusoidal lumen and the Disse space is expected to affect the filtration of particles by the liver. [31] [32] [33] One could speculate that the explanation for the higher performance of ascites BNP testing may be related to the lower molecular weight of this peptide (4 kDa), when compared with human serum albumin (67 kDa), used in SAAG calculation, which could lead to better diffusion of the former.
Interestingly, both patients with ascites secondary to constrictive pericarditis had SAAG 1.1 and very high ascites protein levels (4.3 and 5.8 mg/dL). Notably, both patients had a low serum BNP (31 and 167 pg/ mL, respectively), confirming that BNP becomes elevated when there is heart enlargement. In this context, it is important to note that all patients included in the study had new onset ascites and none had received intravascular volume replacement before performing the diagnostic tests. It is conceivable that a patient with cirrhosis who is undergoing vigorous volume replacement (as would occur in an intensive care unit) could have elevated serum BNP.
Data on the usefulness of natriuretic peptides testing in distinguishing ascites resulting from cirrhosis from ascites caused by HF are scanty in the literature. This is the first prospective study that included consecutive patients with ascites and a wide spectrum of disease, fulfilling the Standards for reporting Studies of Diagnostic Accuracy (STARD) 34 initiative requirements. According to STARD, a valid diagnostic study must comply with a list of 25 requirements that includes assembling an appropriate number and spectrum of patients with well-defined clinical diagnosis of the disease entities, application of both the diagnostic (BNP testing) and reference standard (SAAG and protein in ascites) to all of them, blind interpretation of the results from the clinical diagnosis, and validation in a second set of patients. Importantly, the gold standard was a clinical diagnosis established by adjudication by experts and based on well-established clinical parameters.
A previous retrospective small study of banked serum and ascites samples in 58 patients with cirrhosis and 18 with HF showed that, using the cutoff of 1,000 pg/mL, serum N-terminal proBNP (NTproBNP) had a sensitivity of 100%, specificity of 97%, and PPV of 90%, and that ascites NT-proBNP had a sensitivity of 93.3% and specificity of 97.5% in predicting HF as the cause for ascites. 35 However, the study was retrospective and patients were not consecutive, thereby with the potential of introducing bias.
We chose to measure BNP rather than NT-proBNP, which may be more utilized in some centers, because the latter is more dependent on sex, age, and renal dysfunction 36 and because it is a more expensive test. We excluded patients with serum creatinine levels >2.5 mg/dL because the manufacturer stated that BNP determination is not reliable at these levels. However, recent data show that BNP continues to be the strongest predictor of the presence of HF when holding all other predictors equal, including renal function. 37 Apart from the typical HF setting, a number of factors, unmet by the patients of the current study, have been associated with higher natriuretic peptide levels. Conditions such as advanced age, sepsis, hyperthyroidism, acute coronary syndromes, acute respiratory distress syndrome, and pulmonary embolism can be associated with a rise in BNP blood levels, even in the absence of concomitant HF. 38 Thus, the findings of this study may not be applicable to all patients with high BNP. However, these clinical scenarios are easily acknowledged and are not associated with ascites, helping to clarify what might otherwise seem to be a discordant result.
In this study, we have shown that, in patients with new onset ascites, serum BNP is more accurate in establishing the diagnosis of HF-related ascites than ascites analysis. The workup of patients with new onset ascites could be streamlined by obtaining serum BNP as an initial test and could potentially forego the need for diagnostic paracentesis, particularly in cases where the cause of ascites is uncertain or when HFrelated ascites is suspected. Even if the diagnosis of HF-related ascites is established by serum BNP, a paracentesis would still be indicated if a superimposed infection is suspected or for therapeutic purposes (relief of patient discomfort).
